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ISummary
One of  the problems of  apply ing anionic  sur factants in ,  for  example,
laundry detergents is  the precip i ta t ion of  ca lc ium sal ts .  Much ef for t  has been
directed towards avoid ing precip i ta t ion.  There are at  least  three ways for
tack l ing the problem. The f i rs t  involves the use of  a large quant i ty  of
sur factant  to  solubi l ize the calc ium sal t  o f  the sur factant .  A second approach
uses addi t ives (bui lders)  in  order  to enhance to lerance towards calc ium ions.
Phosphates,  zeol i tes and s i l icates possess a larger  af f in i ty  for  ca lc ium ions and
prevent ,  by b inding calc ium ions,  the decrease in detergency.  The th i rd opt ion
is  the development  of  anionic  sur factants which do not  prec ip i ta te in  the
presence of  ca lc ium ions.  This thesis  deals main ly  wi th the th i rd opt ion.
Chapter  1 conta ins a general  in t roduct ion.  The re lat ion is  descr ibed
between the geometr ica l  s t ructure of  sur factants and the morphology of  the
aggregate.  The re lat ion between the physico-chemical  propert ies of  the
aqueous solut ions of  anionic  sur factants and thei r  to lerance towards calc ium
is d iscussed.  The current  so lut ions for  the problem of  ca lc ium into lerance of
sur factants in ,  for  example,  laundry detergents are br ief ly  descr ibed.  A survey
of  th is  thesis  is  g iven at  the end of  chapter  1 .
Chapter  2 repor ts  a s tudy of  the ro le of  the headgroup and counter ions
of  sur factants as wel l  as the ro le of  addi t ives to sur factant  so lut ions on the
precip i ta t ion in  the presence of  ca lc ium ions.  The addi t ion of  a polymer
(polyethy lene oxide)  to an aqueous solut ion of  an anionic  sur factant  enhances
the  to le rance  towards  ca l c i um.  Bo th  t he  e f f ec t s  o f  coun te r i ons  (Na* ,  K * ,  Cs*
and MeoN*)  on the precip i ta t ion of  carboxylates and the ef fect  of  a water-
soluble polymer on the precip i ta t ion of  an a lky lsu l fate are d iscussed.  The
ef fect  of  counter ions is  s t i l l  not  wel l  understood.  The ef fect ,  however,  is  smal l
and presumably determined by the ef f ic iency of  the exchange of  the
counter ion for  the calc ium ion.  The ef fect  of  the headgroup is  a major  factor
for  ca lc ium to lerance of  sur factants.  The precip i ta t ion is  d iscussed of
a lky lcarboxylates,  su l fonates,  su l fates and phosphates in  the presence of
calc ium ions.  The sur factants possessing a sul fonate or  su l fate headgroup
exhib i t  the most  ca lc ium-to lerant  behavior ;  they do not  prec ip i ta te below a
cr i t ica l  Ca2n concentrat ion.  Anionic sur factants having a carboxylate,
malonate or  phosphate headgroup precip i ta te a lmost  immediate ly  upon
addi t ion of  only  a smaf l  amount  of  ca lc ium ions.  However,  the precip i ta t ion of
the a lky lphosphates depends on the degree of  ion izat ion of  the headgroup.
Mono-protonated a lky lphosphate is  more calc ium-to lerant  han d isodium
alky lphosphate.
In chapter  3 the ef fect  of  in t roducing a second polar  group into
sur factant  molecules is  descr ibed.  The synthesis  and the physico-chemical
propert ies,  inc luding the precip i ta t ion of  a ser ies of  d isodium 2-n-a lky l -1,3-
propanediy l  b issul fates in  the presence of  ca lc ium ions,  are repor ted.  T i t rat ion
conductometry is  d iscussed as a method to determine the cr i t ica l  micel le
concentrat ion and the counter ion b inding.  The Kraf f t  temperatures and the
aggregat ion numbers of  the b issul fate sur factants are repor ted.  The main
resul t  o f  th is  chapter  is ,  that ,  in  compar ison wi th s tandard sur factants such
as sodium dodecylsul fate (SDS) and sodium dodecylbenzenesul fonate (LAS),
t he  d i sod ium 2 -n -a l ky l -1 ,3 -p ropaned i y l  b i ssu l f a tes  exh ib i t  h i gh l y  ca l c i um-
to lerant  behavior .
ln  chapter  4 th is  system is  descr ibed in more deta i l .  Emphasis is  p laced
on the st ructure of  the sur factant  molecule near  the headgroup and of  i ts
hydrophobic moiety.  The synthesis  of  two c lasses of  sur factants,  namely the
branched d isodium 2,Z-d ia lky l l ,3-propanediy l  b issul fates and the a lkal i  meta l
2-(hydroxymethyl ) -1-a lky lsu l fates is  descr ibed a long wi th thei r  physico-
chemical  propert ies.  The crysta l  s t ructures are compared of  the potassium and
the calc ium sal ts  of  the monosul fate sur factants.  The re lat ion is  d iscussed of
the crvsta l  s t ructures and the calc ium-to lerance of  anionic  sur factants.  The
lyotropic  and thermotropic l iqu id crysta l l ine behavior  are repor ted for  the
potassium 2-(hydroxymethyl ) -1 -a lky lsu l fates.
Chapter  5 deals wi th the thermodynamics of  micel l izat ion of  the
disodium bissul fate sur factants ( l inear  and branched).  The thermodynamic
nonideal i ty  of  so lut ions and problems in processing the data are d iscussed.
The thermodynamics of  micel l izat ion of  2-a lky l1,3-propanediy l  b issul fate
(chapter  3)  and that  of  d isodium 2,2-d ia lky l1,3-propanediy lb issul fate wi th a
tota l  chain length of  16 carbon atoms (chapter  4)  are descr ibed.  l t  is
concluded that  the ef fect  of  branching of  the a lky l  chain on the
thermodynamics is  modest .
In  chapter  6,  the f i rs t  repor ted example of  complex format ion of  an
alky lg lycoside wi th a calc ium ion is  descr ibed.  T i t rat ion microcalor imetry is
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used to show that  ca lc ium ions form a weak complex wi th 1-O-n-octy l -B-D-
r lannofuranoside.
The resul ts  of  detergency tests are d iscussed in chapter  7.  In  the
standard tests.  the detergency of  d isodium 2-n-hexadecyl -1,3-propanediy l
b issul fate is  compared to that  of  s tandard sur factants such as SDS, LAS and
an a lky lethersul fate,  a commercia l  ca lc ium-to lerant  sur factant .  The
performance of  the b issul fate sur factant  is  s imi lar  to  that  of  the commercia l
ca lc ium-to lerant  sur factant ,  wi th and wi thout  bui lder ,  ind icat ing that  detergent
formulat ion wi thout  bui lders is  feasib le.  This is  important  f rom a commercia l
and an envi ronmental  point  of  v iew.  F inal ly ,  a  qual i ta t ive model  for  the design
of  ca lc ium-to lerant  anionic  sur factants is  presented.
